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Introduction
Tomatoes have an important economic significance in the countries with advanced vegetable production. The good tomato taste and suitability for technological processing in various types of products determine the great importance of this vegetable. The wide distribution and use of tomatoes are mainly due to the established cultivars with different vegetation period, high and stable productivity, resistance to economically important diseases and excellent technological quality.
Production of fresh tomatoes in the word for 2012 amounted to 161.8 million tones and in the EU-27 to 15.2 million tones. The production of tomatoes in Bulgaria for the same year amounted to 94016 tones. According to FAO data, 65-85% of the fresh tomatoes produced are processed into canned foods [5] . This industrial processing of tomatoes released around 10-40% of waste products [1] .
The tomato peeling operation applied in processing industry generates tomato skin and outer pericarp tissue, named peels, usually creating big environmental problems. However, the by-products of tomato processing contain important biological active substances (vitamin C, polyphenols, lycopene, beta-carotene and etc.), which made this waste material suitable for using in the food industry [10, 15] .
The quantity of tomato wastes combined with the beneficial characteristics of components of these wastes justifies the great interest of researchers and manufacturers in extracting of carotenoids from this low cost material [16] .
The amount of carotenoids in industrial tomato cultivars depends from different factors such as genotype, agricultural practices, soil, climate factors, harvesting date, degree of maturity and post-handling. The reported amount of lycopene in tomato peels ranging from 5 to 100 mg/100g [8, 9, 12, 13, 14] .
The valorisation of generated huge quantities of value-added waste tomato material is among the most important global challenges. However, it is necessary to study the quantity and composition of each tomato processing waste to know its potential use for food purposes.
Bulgarian tomato cultivars "Stella", "Topaz", "Aquarius F 1 ", "Jacqueline", "Marigold" and "Carobeta" are of the great interest for the canning industry. There are not data in the literature for the effect of tomato genotype and crop year on the quantity of the waste during the tomato peeling and the content of carotenoids in the peels generated from these Bulgarian tomato cultivars. Therefore, to establish this effect was the main aim of present study.
Materials and methods

Materials
Bulgarian tomato cultivars "Stella", "Topaz" "Aquarius F 1 ", "Jacqueline", "Marigold" and "Carobeta", were grown under open-field conditions at the Maritsa Vegetable Crop Research Institute, Plovdiv, Bulgaria. HPLC grade acetone, methanol, tetrachloromethane, acetonitrile and methyl tert-butyl ether (MTBE) of analytical grade were purchased from Sigma, Germany. Carotenoid standards were supplied by Extrasynthese, France.
Sample preparations
The average laboratory sample (10 kg) of fresh red-ripe tomatoes was blanched at 95 °C for 2 min, cooled in tap water and hand peeled. The obtained tomato peels quantity after peeling of each sample of different tomato cultivars was weighed and expressed as average percentage of peels. Than the samples were subsequently air-dried at 25±1 °C, ground in a laboratory mill (Bosh MKM 6003, Germany) and sieved through a 1.0 mm sieve. The resultant material was kept in glass jars closed with aluminium foil at -20 °C until the start of the experiments. The moisture content of the dry ground tomato peels was determined by gravimetric method at 105 °C.
Carotenoids extraction
To 0.1 g of dried and milled tomato peels sample was added 2 ml of methanol and 5 ml of tetrachloromethane and methanol mixture (1:3) and 0.5% of butylhydroxytoulene. The sample was placed for 15 min in an ultrasonic bath (35 kHz) and after carotenoid extraction the 1 ml of 10% NaCl solution was added. The obtained extract was than centrifuged for 10 min at 5000 min -1 and the clear fraction was placed in a 5 ml volumetric flask.
HPLC analysis of carotenoids
For the determination of carotenoids, the obtained extracts were analyzed using an HPLC system (Waters, Milford, USA) composed of a UV-VIS detector (Waters 2487 Dual ), a Waters 1525 binary pump and thermostat (LCO 102). The HPLC system was equipped with a C 18 column, 25 cm x 4.6 mm, 5 l particle (Suspelco Discovery HS). Mobile phases of methanol:acetonitrile (A) in 8:2 ratio and MTBE (B) were used ( Table 1 ). The flow rate was maintained at 1 ml/min, the column temperature at 30 °C, and detection was carried out at 270 nm and 290 nm. The results are expressed in mg/100 g dry matter. 
Environmental conditions measurement
Statistical analysis
All experiments were run in triplicate. The data were analyzed and presented as mean values with standard deviation. Statistical analysis was conducted using Statgraphics Centurion XVI Version 16.2.04 (Statpoint Technologies Inc., USA) и Microsoft Excel 2003 software. Statistical techniques, incl. Two-factor dispersion analysis, ANOVA and Duncan's Multiple Range Test, were applied. The significant differences were determined at 95% confidence (P< 0.05) level. 
Results and discussion
Six tomato cultivars for industrial processing were studied in the first year (2013) of survey. However, in the second crop year (2014), cultivars were reduced to four for the following reasons. The "Aquarius F1" and "Jaqueline" cultivars have almost the same chemical composition [6] and the average persentage of the peels was almost the same ( Figure 1 ). In addition, "Aquarius F1" is a new and hybrid cultivar with a higher productivity and is preffered by the manufacturers in comparison to "Jaqueline" cultivar of tomato. Furthermore, the cultivars of "Marigold" and "Carobeta" are the same sort and the peels average persentage and beta-carotene content in the peels of "Marigold" is less than these in "Carobeta" (Figure 1 and Table 2 ). That's why the 'Jaqueline" and "Marigold" tomato cultivars were dropped out of the 2014 survey.
The results obtained for avarege persentage of peels generated during the peeling of studied tomato cultivars are shown in Figure 1 . The average persentage of peels from tomatoes harvested in 2013 year ranged from 2.450.13 to 5.330.09%. The highest persentage of peels was found for "Carobeta" cultivar and at least for "Topaz". For tomato cultivars cultivated in 2014 crop year the average persentage of the obtained peels varied from 2.980.13% to 3.500.25% and the highest quantity of peels was generated from the "Aquarius F1" cultivar and at least from "Carobeta" cultivar of tomato. No significant differences (P > 0.05) were observed between the average persentage of peels for both "Aquarius F1" and "Stella" cultivars of tomato in 2013 crop year and for "Aquarius F1", "Stella" and "Topaz" for 2014 crop year. The results for average persentage of peels generated from different Bulgarian tomato cultivars (Figure 1 ) indicated that in addition to the tomato genotype, the environmental conditions of the investigated crop years probably had effect on peels quantity also. This fact is confirmed by the data of average air temperature and the amount of rainfall during tomato growing period in the two crop years which are presented in Figure 2 . Data indicated that the air temperatures in 2013 and 2014 crop years were very closed, but the rainfall amount in the first year was much less than the second, which probably had affected the quantity of peels from the investigated tomato cultivars.
A quantitative and qualitative determinations of the carotenoids contained in tomato peels from different samples were performed by the HPLC analysis and the results obtained are summarized in Table 2 . The data from carotenoids determination showed that the peels of studied tomato cultivars consisted mainly of lycopene, beta-carotene and lutein. In the first crop year the highest contents of lycopene (97.16±0.81 mg/100g) and lutein (21.22±0.10 mg/100g) were found in the peels of the "Stella" cultivar of tomato and those of "Carobeta" cultivar had the highest content of beta-carotene (108.48±1.36 mg/100g), whereas in the second year of survey most of the lycopene (241.14±1.24 mg/100g) was contained in the "Aquarius F1" peels, and the beta-carotene (293.36±2.00 mg/100g) and lutein (13.58±0.15 mg/100g) in the "Stella" tomato peels. The results obtained for carotenoids content in the tomato peels (Table 2 ) were in agreement with data reprted from other reserches [9, 10, 14, 15] and showed differences in carotenoids content for different tomato cultivars which may be due to the genotype features. Differences in carotenoids content among tomato cultivars has been previously reported [7, 11] . However, differences in carotenoids content between two crop years of the same cultivars were found also, probably due to different environmental conditions in 2013 and 2014 years, as indicated in Figure 2 . Although tomatoes are irrigated crops, air temperature and humidity is important for the sinthesis of the substances in them. It has been reported that lycopene formation is favoured at temperatures ranging from 16 to 21 °C and unfavoured at temperature values above 30 °C [3] . Other studies have higlighted that the tomato nutrients, including lycopene, is affected by the soil water depletion even if it seems to be cultivar dependent [3, 4] . Therefore, probably due to the less rainfall amount during tomato growing in 2013 crop year differences in both the persentage of the peels and their carotenoids content for the same tomato cultivars grown in 2013 and 2014 were observed.
The effects of genotype and crop year on the percentage of peels in tomatoes ( Figure 3 ) and on the content of carotenoids in peels (Figures 4, 5 and 6) were established by performing of a two-factor dispersion analysis. The results indicated the greatest influence of the tomato genotype on lutein content (69.43%), followed by beta-carotene (57.52%) and peels persentage (46.55%). The environmental conditions were found to had a strong influence on the content of peels (41.66%) and lycopene (38.73%), while the effect on betacarotene was lower (14.92%) and on luteine was very low (1.63%). The results of the two-factor dispersion analysis ( Figures 3, 4 , 5, and 6) showed the major influence of the tomato genotype on the contents of tomato peels, beta-carotene and lutein, while the combined effect of genotype and crop year was found for persentage and lycopene content of the tomato peels. Data were in good acordance with other researches carried out for different tomato cultivars [2, 11] . 
Conclusion
The two-factor dispersion analysis was carried out to determined the combined effect of the tomato genotype and crop year on the amount of the waste peels generated during tomato peeling and by the HPLC analysis a characterization of the carotenoids contained in the tomato peels was made. The results indicated that obtained tomato peels contained mainly lycopene, beta-carotene and lutein. HPLC analysis showed that tomato peels of cultivars "Stella", "Topaz", "Aquarius F 1 " and "Jacqueline" are reached in lycopene and beta-carotene, whereas the peels of cultivars "Marigold" and "Carobeta" are suitable source of beta-carotene only. Tomato genotype was found to had a major effect on the percentage of generated peels and on its carotenoids content. The amount of lycopene in tomato peels was dependent on both genotype and crop year, whereas the beta-carotene and lutein contents were affected mainly by the tomato genotype.
